Abstract: A satellite network system comprises three layers of satellites: LEO (Low Earth Orbit), MEO (Middle Earth Orbit) and GEO (Geostationary Orbit). In the system, users can choose a layer according to their demands, including QoS (Quality of Service), congestion, energy cost, etc. The utility that users gain will change when they access satellites in different layers. The mobility of satellites in the LEO and MEO leads to frequent handover among satellites in the same layer. These characteristics of multi-layered satellite networks make it possible for us to exploit the optimal distribution of users, which will maximize the utility of the entire satellite network. While the proposed problem is an NP-hard problem, we analyze the system based on the Markov chain and use the Markov approximation to approach the maximum utility. In addition, we use the count down and select algorithm to implement the process of Markov chain. The simulation results validate the convergence of the Markov approximation. In addition, the gap between the approximate value and optimal values decreases with an increase in ȕ, which is a positive constant in Markov formulation, according to the simulation results.
Introduction
The satellite network plays an increasingly important role in modern radio network development. Facebook has proposed a plan named "Connecting the world from the sky," which will try to connect the world via satellite network [1] . A satellite network system includes three layers: LEO (Low Earth Orbit), MEO (Middle Earth Orbit) and GEO (Geostationary Orbit).
Generally, these three layers differ from each other in terms of services supported, capacity, cost of accessing and cost of handover. Chen, et al analyzed the characteristics of satellite networks [2] . In Ref. [3] , Truchly, et al investigated two-layer satellite systems, which exhibits the performance similar to that of multilayered satellite networks.
In the satellite network system, all the users want to be served at a low cost, which will result in the layers with lower costs becoming congested while the expensive layers remain underutilized. In addition,
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unfair distribution of users in the network will render the system incapable of obtaining the optimal utility, which means users cannot be provided with high quality service while some layers of the system are still underutilized.
Therefore, it is necessary to exploit the optimal distribution of users, which will provide the whole system with the maximum utility. The utility of satellite networks can be improved by distributing users to multiple layers or satellites. The loadbalanced algorithm can help the system avoid congestion and minimize the queuing delay in the system. In Ref. [4] , Wang, et al proposed the Tailored Load-Aware Routing for load balance in multilayered satellite network, in which the optimal portion of network load is diverted through the upper layer.
Jiang, et al used Stackelberg game based analysis to apply the load-balancing scheme in a hybrid GEO-LEO satellite network [5] , which maximizes the average signal-to-noise ratio of the mobile terminals that need handover and optimizes the overall utility of the relays in terms of payment. When the layer is congested, the user can handover to the other layers to obtain higher QoS (Quality of Service)
at the expense of cost. Wu, et al discussed real time handover management in the mobile satellite communication networks [6] . In Ref. [7] , Ong, et al However, finding the optimal solution of a combinational problem is an NP-hard problem, which can only be solved by exhaustive research. To reduce the complexity of calculation, Chen, et al [8] proposed and proved that Markov approximation can be used to solve a combinational problem. In Ref. [9] , Chen, When all the users do not intend to change their layer selections, the utility of the whole networks reaches its maximum.
The rest of this paper is organized as follows. 
System model
In the multilayer system, there are three types of satellites. The users can access one of them and handover to another in a different layer at a certain time to seek a higher QoS and higher system-level utility. The system composition is shown in Fig.1 .
We assume that there is no interference between the satellites in this system and a user can only access one satellite at a time. In this paper, we did not consider the duration of service.
Each layer can be denoted as l i i {1 2 3}, which represents LEO, MEO and GEO, respectively. We Each user has a unique demand for service and we denote it numerically as x j , j = 1, 2, 3, ,N. In addition, each layer has a threshold value denoted as
, which represents the threshold value of LEO, MEO and GEO, respectively. When a user's demand is under the threshold of the layer he is accessing, he will be served without penalty. In the system, the demands of users can be sorted into three types as follows.
We call the lower demand users S 1 to make it easier to describe them. 
The difference between the satellite network and terrestrial network is that users need to handover between the satellites in the same layer when they have service in the satellite layers. Considering that the satellite in the GEO layer is geostationary, there is no need for users to handover in this layer.
However, when a user access an LEO or MEO layer, the handover in the same layer generates additional costs because the velocity of orbiting is greater than the rotational velocity of the Earth. In the system, the cost of handover in the same layer is denoted as k i , i {1, 2, 3}. According to the relative velocity of the Earth, these
The total cost of handover of S j s in layer i under the FRQ¿JXUDWLRQ f is denoted as K ij .
.
The utility of each layer under the configuration f is denoted as U i ( f ), i {1, 2, 3}. According to Eqs. (3), (4), (5) and (6), the utility function of each layer is as follows.
Our object function is to maximize the utility of the whole satellite system by choosing the optimum distribution of users. The utility maximization problem can be expressed as follows.
M a r kov a p p rox i m at i o n a n d implement algorithm
The utility maximization problem in a satellite net work system is NP-hard and can only be solved through exhaustive search. In this section, we will describe the Markov approximation and CDS algorithm proposed in
Ref. [9] .
Markov approximation
The equivalent formulation of the utility maximization problem can be written as (11) where p f is the percentage of the time during which the system stays in the configuration f. We regard as the weight of f, and we need to find the
PD[LPXP ZHLJKWHG FRQ¿JXUDWLRQ IRU WKH 0DUNRY FKDLQ
The problem in this paper is a combinational problem.
The size of set F is very large even for a small number of users, which makes the problem hard to calculate.
We can only use exhaustive search to get the accurate result of the problem, which produces high calculation complexity. Therefore, Markov approximation is a better way to solve the problem approximately. For a positive constant ȕ and n non-negative real variables y 1 , y 2 , , y n , we have From Refs. [8] and [9] , we know that the error upper bound of the approximation will decrease compared with the absolute result as ȕ is increased. That means when ȕ increases, the results of Markov approximation will become increasingly accurate.
We have mentioned p f at the beginning of this section.
+HUH ZH GH¿QH LW DV (17)
Therefore, the object function can be expressed as (18)
The CDS algorithm
The CDS algorithm proposed in Ref. [9] is a distributed algorithm that can solve the problem in this paper. A new coefficient p ff ' is proposed, which represents the probability that users stay in the new layer once they handover.
(19) 
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Algorithm 1 CDS Algorithm
Require:
1: for each user do 2: Randomly enter a layer 3: Calculate the utility of each layer 4:
Generate an exponentially distributed random number with a mean of Ȗ 5: end for Ensure: 6: for each user do 7:
Begin count down from a random number 8:
if The countdown number of a user expires then 9:
The user handovers to another layer UDQGRPO\ DQG WKH V\VWHP LV LQ D QHZ FRQ¿JXUDWLRQ f ƍ 10: The probability of the user staying in the new layer is p ff ƍ whereas that of moving back to the RULJLQDO OD\HU LV í p ff ƍ 11: Each user generates a new exponentially distributed random number with mean of Ȗ and begins the new count down process 12: end if 13: end for
Simulation
In this section, numerical results are presented to validate the effectiveness of the model using the CDS algorithm. We assume there are 50 users in the entire satellite multilayer system. At the beginning, we generate 50 random numbers in the range (0,1), which represent the demands of different users. The utility of the system depends on the distribution of users and WKH FRHI¿FLHQWV PHQWLRQHG LQ VHFWLRQ ,Q 7DE ZH give an example of the coefficients. In addition, we let q 12 = 0.625, q 13 = 0.5 and q 23 = 0.8. Fig.2 illustrates the process of Markov approximation of the problem. We consider the impacts of ȕ and Ȗ on the utility. In Fig.2(a) , we set the value of ȕ equal to 1, 10 and 30. From Ref. [9] and Fig.2(a) , it is obvious that as the value of ȕ increases, the gap between the approximate and absolute values decreases. In addition, it illustrates that the convergence time decreases when the value of ȕ increases. In Fig.2(b) , Ȗ is set as 1, 5 and 10. We can see that as the value of Ȗ increases, the gap between the approximate value and absolute value decreases. 1 000 2 000 3 000 4 000 5 000 6 000 7 000 8 000 9 000 10 000 1 000 2 000 3 000 4 000 5 000 6 000 7 000 8 000 9 000 10 000 1 000 2 000 3 000 4 000 5 000 6 000 7 000 8 000 9 000 10 000 
